The Encantadas Complex is a unit composed of dioritic, tonalitic and trondhjemitic gneisses with minor hornblendite. This complex is intruded by granites of Neoproterozoic age. Major and trace element data indicate metaluminous to slightly peraluminous composition related to the medium-K calc-alkaline series. Compositional parameters are consistent with a common evolution from less differentiated magmas, probably through fractional crystallization. The orthogneisses show La N /Yb N ratios from 10 to 50, K 2 O/Na 2 O varying from 1.1 to 3.0, Y contents from 3 to 39 ppm, Yb from 0.3 to 3.7, and Lu with contents in the range 0.06 and 0.54 ppm. Such geochemical features are similar to those of Archaean tonalitic rocks and are usually described in rocks formed by partial melting of mafic rocks under high-pressure conditions leaving an eclogitic residue. The presence of diorites and hornblendites, associated to tonalitic and trondhjemitic gneisses suggests, on the other hand, that tonalitic magmas could be formed by hornblende-controlled fractionation of hydrous basaltic magmas. Tonalitic gneisses show U-PbSHRIMP zircon age of 2, 263 ± 6 Ma for igneous crystallization and 2, 045 ± 10 Ma for the metamorphism. The geochemical parameters, tectonic and geochronological features of Encantadas Complex are consistent with magmas derived from mantle metasomatized by subduction-related fluids in a continental-arc.
INTRODUCTION
The orthogneisses of Santana da Boa Vista, southernmost Brazil were described by Ribeiro et al. (1966) and related to the central part of Santana da Boa Vista Dome by Jost and Bitencourt (1980) (Fig. 1) . This dome is a N30 • E elongate structure, approximately 50 km long and 8 to 15 km wide (Fig. 2) .
Pelotas (PB) and Florianópolis (FB)
Batholiths ( tile shear zones which generate mylonites and modify the stratigraphic relations. Both units are part of the Tijucas Terrane, central portion of Dom Feliciano Belt in Rio Grande do Sul (Hartmann et al. 2007) (Fig. 1) .
The studied orthogneisses show composite banding (Sb 1 ) which alternates trondhjemite and dioritic irregular bands with continuous and regular millimetersized banding attributed to metamorphic segregation. This banding is deformed by a low-angle event which generated F 2 recumbent folding and Sb 2 axial surface.
A third folding event is represented by normal and non-cylindrical folds oriented N35-55 • E with sub vertical axial surface. F 3 axes are deformed generating smooth and open asymmetric folds oriented N20-40 • W (F 4 ). The interaction of the last two events formed type 1 interference pattern which led to the Santana da Boa Vista structural dome (Machado et al., unpublished data) . Porcher and Fernandes (1990) and Fernandes et al. (1992) interpreted the structural evolution of this complex and the shear zone development, as coeval, and related it to tectonic escape during the Brasiliano continental collision.
Dioritic gneiss and hornblendites form tabular bodies with thickness varying from 10 cm to 100 m.
Their mineral parageneses record several metamorphic and deformational events that have affected them (R.P. Philipp and A.P. Viero, unpublished data) . The older one is an orogenic regional metamorphism of medium to upper amphibolite facies, followed by a new metamorphic peak related with the intrusion of syntectonic Neoproterozoic granitoids. Granitoid emplacement is controlled by sub-horizontal ductile shear zones, which form a high-temperature mylonite fabric.
Later deformational phases of greenschist to lower-amphibolite facies are overprinted also in the supracrustal sequences of Porongos Group (Remus et al. 1990 ).
The Encantadas Complex gneisses are among the most important basement units of Paleoproterozoic age in the Sul-rio-grandense Shield. Recent geochemical, geochronological and structural researches indicate that this stratigraphic unit is NW-SE elongated and extends to southwest nearby Pinheiro Machado town (Philipp 1998) and to northeast towards the cities of Arroio dos Ratos (Leite et al. 1998) and Porto Alegre (Philipp and Campos 2004) .
The main purpose of this paper is to characterize the geochemistry of the Encantadas Complex ortho- An Acad Bras Cienc (2008) 80 (4) gneisses in order to discuss the probable sources and tectonic setting of their protoliths, as well as to investigate the evolution of metamorphism by studying microstructures and their relationship with tectonic foliations.
PREVIOUS WORK
Gneissic rocks in Santana da Boa Vista region were first described by Carvalho (1932) and Leinz and Pinagel (1945) . Orthogneisses were considered medium-grade and included in the Encantadas Formation by Ribeiro et al. (1966) . Based on field and structural data, Jost and Bitencourt (1980) recognized the gneissic sequence as forming a double plunging antiform structure and named it the Santana Dome. Fernandes et al. (1992) defined the tectonic contact of gneissic rocks with metavolcanic and metasedimentary sequences of Porongos Metamorphic Complex as a low-angle ductile shear zone related to tectonic escape of the Brasiliano continental collision. Machado et al.
(unpublished data) recognized part of the gneissic sequence as mylonite granitoids intruded by monzogranites and syenogranites. Tabular amphibolite bodies were described as metamorphosed mafic dykes (Remus et al. 1990) , in which Philipp and Viero (unpublished data) identified three different metamorphic events: (i) a thermal phase preceding the sub-horizontal shear zones, (ii) a second one related to mylonite formation in ductile shear zones, and (iii) a late phase associated with high-angle ductile and ductile-ruptile shear zones.
U-Pb isotope determinations by SHRIMP in igneous zircon from the tonalitic gneisses yielded ages of 2, 263 ± 18 Ma and 2, 363 ± 6 Ma, whilst metamorphic zircons show ages of 2, 045 ± 10 Ma and 2, 021 ± 11 Ma (Chemale Jr. 2000) . A younger event of isotope resetting with age of 803 ± 14 Ma was identified by Chemale Jr. (2000) . U-Pb data on zircon from metamorphosed magnesian metabasalts or pyroxenites were interpreted by Hartmann et al. (2003) as confirming the ages of igneous protoliths and allowed the determination of M 1 and M 2 regional metamorphism age as 1989 ± 21 Ma and 702 ± 21 Ma, respectively. These authors related the M 1 and M 2 metamorphic events to the Encantadas and Camboriu orogenies of Transamazonic Cycle, and the Neoproterozoic one to the São Gabriel orogeny.
GEOLOGICAL RELATIONS
The stratigraphic relationship of Encantadas Complex units was based mostly on intrusion relationship. Tonalitic and trondhjemitic gneisses, as well as dioritic gneisses, are the oldest units followed by tabular intrusions of metagranodiorites and metamonzogranites with porphyritic and equigranular textures (Fig. 3) . The youngest unit is constituted of tabular bodies of equigranular metaleucogranites with thickness of up to a few meters.
Two low-angle deformational events, D 1 and D 2 , control the structural framework. D 1 is observed mostly in tonalitic, trondhjemitic and dioritic gneiss and generates regular and discontinuous millimeter-sized banding, which is caused by metamorphic segregation.
D 2 leads to recumbent folding (F 2 ) associated with axial surface foliation (Fig. 4) . D 3 is a transcurrent event, which refolds the previously formed structure and generates the F 3 pattern, characterized by normal and cylindrical folding with N35-55 • E direction and sub vertical axial plane. The youngest deformation leads to the formation of asymmetric, open and smooth F 4 folds, with axial planes oriented along N20-40 • W.
Tonalitic gneisses occupy most of the studied area, whilst the trondhjemitic compositions predominate in the northern part of Santana Dome, where they form an elongated (N10-20 • E) body approximately 28 km long and 8 km wide (Fig. 3) .
Dioritic gneisses are exposed along two linear trends oriented NE-SW mostly in the eastern part of Santana Dome (Fig. 3) . The tabular or lensiform bodies are deformed and are concordant with the metamorphic banding of tonalitic and trondhjemitic gneisses. When occurring along ductile shear zones show banding and mylonite texture with amphibole porphyroclasts. The smaller lenses are 5 to 15 cm thick whilst the larger ones can reach up to 2 m of thickness. Mylonite deformation is more intensive in the smaller dioritic gneisses bodies. In the highly-deformed zones they occur as disrupted, very elongated bands with thickness ranging from 2 to 5 cm and length of 3 to 5 m, which suggests high stretching rates.
The hornblendite bodies are less abundant and the major exposition show dimensions of 1. body is involved by the low-angle mylonite foliation overprinted in the orthogneisses.
Porphyritic metagranodiorites and metamonzogranites are exposed as two aligned (N10-15 • E) bodies in the northern part of the dome, with about 24 km of length and 5 to 8 km wide. They show blastoporphyritic texture with 1 to 5 cm long K-feldspar porphyroclasts engulfed in a granoblastic and lepidoblastic groundmass made of quartz, feldspar and biotite. Although the fieldrelations of metagranitoids and orthogneisses are not exposed, the main foliation showed by metagranitoids is concordant with Sb 1 banding and, is affected by F 2 folding, suggesting that the emplacement of the metagranitoids is coeval with the D 1 event. Metaleucogranites form tabular bodies with thicknesses varying from 0.05 to 10 m. They are strongly deformed and show discordant intrusive contacts with the regional banding of the tonalitic and trondhjemitic gneisses.
Like the previously described metagranitoids, the metaleucogranites show a foliation concordant with Sb 1 and they are affected by F 2 folding, which suggests that they are coeval with D 1 .
PETROGRAPHY

TONALITIC GNEISS
Tonalitic gneisses are dark grey with banded fabric, alternating millimeter-size layers of quartz and plagioclase with mafic ones containing biotite and amphibole. The felsic layers show interlobate granoblastic and polygonal heterogranular medium-grained textures (0.2 to 0.5 mm) (Figs. 4 and 5) . Mafic layers show lepidoblastic to nematoblastic textures and are also medium grained (0.2-0.8 mm). Along high-deformation D 2 zones, the banding is more regular and thinner. Locally, the banded structure disappears and turns to homogeneous. Tonalitic gneisses have composition varying from tonalite to quartz diorite, with biotite, hornblende, allanite, apatite, zircon and Fe-Ti oxides (Fig. 6 ). Epidote and chlorite are secondary phases found mostly filling veins, replacing plagioclase and mafic minerals.
Calcic plagioclase occurs generally in the metamorphic groundmass and forms rare prismatic euhedral to subhedral porphyroclasts with compositional zoning and size from 0.8 to 1.5 mm. Intergranular contacts are sutured with metamorphic recrystallization along the borders. Metamorphic plagioclase crystals, 0.2 to 0.5 mm long, shows polygonal to equidimensional forms, with sharp and interlobate contacts. Quartz is generally recrystallized, but can, rarely, form elongated sub grains with strong undolose extinction and size from 0.5 to 1 mm. Biotite is subhedral with greenish brown to reddish brown pleochroism. Hornblende forms subhedral grains with sizes from 0.3 to 0.8 mm. The Sb 1 banding containing the metamorphic mineral assemblage calcic plagioclase + quartz + biotite + horblende with the development of granoblastic polygonal textures characterizes medium-amphibolite facies conditions. TRONDHJEMITIC GNEISS Trondhjemitic gneisses are light grey and show incipient banding, alternating felsic with mafic layers where biotite is the major constituent. Their textures are similar to those observed in the tonalitic gneisses. In the highly deformed zones biotite is oriented, while quartz and plagioclase grains are recrystallized. Microcline, allanite, zircon, apatite and Fe-Ti oxides are common accessory phases. Chlorite, epidote and muscovite are secondary retrometamorphic phases.
Plagioclase is the major phase of trondhjemitic gneisses, sometimes occurring as euhedral to subhedral porphyroclasts with sizes from 0.4 to 1.0 mm. The contacts are sutured with small-recrystallized grains along the porphyroclasts. Metamorphic plagioclase shows polygonal and equidimensional subidioblastic forms, straight to interlobate contacts, and sizes from 0.4 to 1.0 mm. Quartz occurs as polygonal to equidimensional metamorphic grains, subidioblastic, with dimensions varying from 0.2 to 0.5 mm. Microcline can occur as metamorphic polygonal or equidimensional grains, and more rarely as subhedral porphyroclasts with sizes from 2 to 3 mm. The metamorphic grains show straight to interlobate contacts and sizes from 0.1 to 0.4 mm.
Biotite occurs as interstitial grains in the felsic layers and as mineral aggregates in the mafic ones. Muscovite is rare and can replace plagioclase and K-feldspar.
The metamorphic assemblage calcic plagioclase + quartz + biotite is characteristic of medium amphibolite facies conditions.
DIORITIC GNEISS AND HORNBLENDITES
The dioritic gneisses are foliated with orientation of plagioclase and hornblende grains and show medium to coarse grained nematoblastic texture. Heterogranular granoblastic interlobated textures are more localized and defined by plagioclase, diopside, opaque minerals and, sometimes, epidote and clinozoicite. The main mineralogical constituents are hornblende (42 to 65 vol%), Narich plagioclase (38-58 vol%), diopside (2 to 10 vol%), titanite (0.5 vol%) and opaque minerals (0.5 to 2.5 vol%). Along highly deformed zones there are mylonites with a banded structure alternating mafic and plagioclase layers with thickness from 0.2 to 2 mm. Their texture is porphyroclastic with stretched amphibole and plagioclase grains with dimensions around 0.5 to 2 mm.
The hornblendite shows massive structure and a coarse-grained (5-40 mm) equigranular hypidiomorphic texture in some cases evolving to pegmatoid. Amphibole composes 90 to 95 vol% of the rock and is subhedral to euhedral with size varying from 0.5 to 4 cm. Plagioclase (4 to 9 vol%) occurs as subhedral to anhedral grains with dimensions from 5 to 10 mm. Veins of granitic composition with thickness of 1 to 20 mm are locally concentrated. They show massive structure and equigranular hypidiomorphic texture.
GEOCHEMISTRY AND PETROGENESIS
Twelve samples from the Encantadas Gneisses were selected for major and trace elements determinations (Tables I, II and III). The determinations were performed in Activation Laboratories, Canada, by X-ray Fluorescence for major elements and by Inductively Coupled PlasmaMass Spectrometry (ICP-MS) for trace elements.
The studied orthogneisses show SiO 2 contents ranging from 56.5% to 70 wt%, corresponding to diorite, quartz diorites, tonalites and trondhjemites. Al 2 O 3 contents are relatively high, 14 to 17 wt%, like those of tonalitic associations of active continental margins (Arth 1979) . LIL elements show relatively high contents, particularly Ba and Sr, whilst the Zr contents vary generally from 100 to 200 ppm (Fig. 7) . Rb shows a wide dispersion in compositional diagrams and relatively low contents, which can be caused by metamorphic fluids. The decreasing Rb contents in more differentiated trondhjemites could be caused by biotite fractionation, however, the overprinted metamorphism probably modified the igneous patterns of highly mobile elements, like Rb, Cs, U, and Th (Fig. 7) . Sr contents (449-693 ppm) are relatively high, but commonly observed in Paleoproterozoic and Achaean tonalitic associations (Condie 2005) (Fig. 7) . Zr, Nb, Ta, and Hf contents are relatively low as can be expected in tonalitic magmas produced by partial crustal melting of amphibolites or eclogites in Paleoproterozoic settings (Rapp et al. 1991 , Martin 1993 .
The studied gneisses have subalkaline character defined by relatively low alkali content in the TAS diagram and are metaluminous to slightly peraluminous (Figs. 8 and 9 ). The non-tholeiitic affinity of these rocks is indicated by the AFM diagram ( Fig. 10 ) and by the (Fe tot +Ti)-Al-Mg classification diagram (Jensen 1976) (Fig. 11) . These diagrams are used based on the assumption that most samples represent crystallized magmatic liquids; those which are interpreted as cumulates were excluded. The K 2 O contents in relation to SiO 2 classify them as medium-K subalkaline rocks as proposed by Le Maitre (1989) (Fig. 12) . The tonalitic and trondhjemitic gneisses of Encantadas Complex are compositionally classified as a TTG association, following the concept adopted by Condie (2005), since they show Al 2 O 3 contents at 70 wt% SiO 2 larger than 15 wt%, Mg # [(100MgO/(FeO T +MgO)] varying from 20 to 40, Sr > 300 ppm, Y < 20 ppm, Yb < 1.8 ppm and Nb < 10 ppm. The Y contents are in fact lower than 10 ppm at 70 wt% SiO 2 , which is very typical of Achaean tonalites, whilst the Proterozoic ones have contents around 15, as referred by Condie (2005) . K 2 O/Na 2 O ratios are around 0.55 in the Encantadas tonalites which are comparable to those of tonalites of Achaean or Proterozoic ages, whilst those of Proterozoic age have higher ratios close to 0.68 (Condie 2005) .
According to the discriminating parameters suggested by Condie (2005) for TTG, adakites and their differentiated products, and sanukitoids (Lopez et al. 2005) , the tonalitic association that originated the Encantadas gneisses is a TTG association typical of Achaean or Proterozoic ages.
REE patterns normalized against chondrite values show decreasing of HREE in the more differentiated rocks (Fig. 12) . The patterns are approximately parallel, suggesting that dioritic and tonalitic rocks can be co-magmatic or cogenetic. Dioritic gneisses show La N values close to 100 and Yb N close to 10, whilst tonalites and trondhjemites have La N around 100 and Yb N vary- ing from 4 to 2, which leads to La N /Yb N values around 25 to 50. REE patterns of Encantadas tonalitic gneisses are similar to those referred by Rapp et al. (1991) and Condie (2005) as typical of high-pressure melts equilibrated with eclogitic residue like Achaean tonalites. The lack of negative Eu-anomalies indicates low abundance of plagioclase as a fractionated or residual phase. The highly fractionated REE patterns require the presence of garnet in the residuum or as a fractionated phase (Martin 1993) .
Spidergrams of gneisses from Encantadas Complex samples normalized against primitive mantle values show enrichment of LIL and LREE elements and sharp negative anomalies of Nb, Ti, and U, like continental-arc magmatism (Fig. 14) . 
MAGMATIC SOURCES AND SETTINGS
Tonalitic and trondhjemitic Encantadas gneisses show patterns in the diagrams suggested by Pearce et al. (1984) with strong negative anomalies for U, Rb, Nb, and Ti. The two former are probably explained by the high mobility of both elements during metamorphism, whilst Nb and Ti anomalies indicate that these magmas were produced from mantle sources modified by metasomatism associated to lithosphere subduction (Thompson et al. 1984) . The major element parameters R1-R2 (Batchelor and Bowden 1985) and the Y versus Nb and Rb versus (Y + Nb) diagrams (Pearce et al. 1984 , Pearce 1996 points to the similarity of the studied rocks with magmatic arc associations (Figs. 15 and 16) .
Condie (2005) admits that "adakites are probably slab melts, whilst high-Al TTG may be produced by partial melting of the lower crust in arc systems or in the root zones of oceanic plateaus". High-Al TTG, that means tonalitic rocks with Al 2 O 3 > 15 wt% (Rapp et al. 1991 , Condie 2005 , from Encantadas Gneisses could be produced by partial melting of amphibolites or eclogites under high pressures (depths from 40 to 80 km), since their Sr and HREE contents indicate the presence of garnet and the lack of plagioclase in the residuum or fractionation of hornblende. The relatively high Nb/Ta ratios (20-25) of Encantadas tonalitic gneisses are comparable to those of tonalite derived from less differentiated mantle melts or high-pressure melts equilibrated with eclogitic residue (Condie 2005) .
TTG associations can also be formed by differentiation of komatiitic or adakitic mantle-derived magmas. The available data do not allow opting between these two possible origins for Encantadas Complex magmas. As far as the tectonic setting is concerned, the root zones of oceanic plateaus are ruled out for the Encantadas Complex, since there is no evidence of oceanic magmatic associations in this context. An arc continental system seems an adequate model for the available data.
CONCLUSIONS
Dioritic, tonalitic and trondhjemitic protoliths of Encantadas Gneisses are typical high-AL TTG associations according to the criteria suggested by Condie (2005) , which are commonly found in active continental margins.
Most compositional parameters and particularly the association of mafic and tonalitic rocks are consistent with a common evolution from less differentiated magmas, probably through fractional crystallization, since hornblendites and dioritic gneisses that occur in the same association could represent cumulates. However, the relationship of tonalitic and dioritic rocks should be discussed with a better geochemical and isotopic data set, not yet available. This Paleoproterozoic magmatism is metaluminous to slightly peraluminous and can be related to a medium-K calc-alkaline magmatic series.
Trace and major element patterns of tonalitic gneisses, such as La N /Yb N and K 2 O/Na 2 O ratios and Y, Yb and Lu contents, are very similar to Archaean tonalites as discussed by Condie (2005) , which is coherent with the Paleoproterozoic ages found by U/Th determinations in zircons (Chemale Jr. 2000) and Rb-Sr in whole rocks samples (Soliani Jr. 1986 ).
The compositional features of Encantadas tonalitic gneisses are usually described in rocks formed by partial melting of mafic rocks under high-pressure conditions, leaving an eclogitic residue (Rapp et al. 1991 , Condie 2005 . However, the presence of abundant dioritic rocks and hornblendites, which may represent cumulates, associated to tonalitic and trondhjemitic Encantadas gneisses suggest that tonalitic magmas could be formed by hornblende-controlled fractionation of hydrous basaltic magmas as discussed by Rapp et al. (1991) . The medium to low-K calc-alkaline affinity, as well as the high LREE/Nb ratios, and the patterns illustrated in Pearce et al. (1984) diagrams are consistent with continental arc magmatism.
The geochemical parameters, as well as the tectonic and geochronological features, of dioritic, tonalitic and trondhjemitic gneisses from Encantadas Complex are consistent with a continental-arc magmatism of Paleoproterozoic age. So that, the Paleoproterozoic age in southernmost Brazil was a period of vertical accretion, with magmas derived from a mantle metasomatized by subduction-related fluids.
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